The eastern migratory population of monarch butterflies has experienced a multi-10 decadal decline, but a recent increase in abundance (to 6.05 ha in winter 2018) has led some 11 observers to question whether the population has reversed its long-standing decline and 12 embarked on a trajectory of increasing abundance. We examined this possibility through 13 changepoint analyses, first assessing whether a change in trajectory existed and whether that 14 change was sufficient to alter our estimated risk for the population. We found evidence of a 15 change in trajectory in 2014, but insufficient statistical support for a significantly increasing 16 population since that time (β = 0.285, 95% CI = -0.127, 0.697). If the population estimate for 17 winter 2019 is ≥4.0 ha, we will then be able to credibly assert the population has been increasing 18 since 2014. However, given estimated levels of time series variability, presumed habitat capacity 19 and no recent change in status or trend, there was a 13.5% probability of observing a population 20 estimate as large or larger than was reported for winter 2018. Despite insufficient evidence for an 21 increasing population, near-term risk of quasi-extinction by 2023 has declined (mean risk 22 23 highlight the incredible difficulty in drawing robust conclusions from annual changes in 24 abundance over a short time series, especially for an insect that commonly exhibits considerable 25 year-to-year variation. Thus, we urge caution when drawing conclusions regarding species status 26 and trends for any species for which limited data are available. 27 28 Shapiro 32 Populations vary over time in their abundance, and this variability can impart uncertainty to the 33 status and trend of a species. As population dynamics approach extinction, dynamics become 34 more variable (Holmes and Fagan 2006), which means short-term highs might become higher, 35 even while abundance is declining on average. In addition to the stochastic variation in 36 abundance imposed by the environment, uncertainty in species status and trend arises from 37 population sizes most often being estimated rather than counted; trends being inferred from 38 limited duration time series; and latent characteristics of a population, such as its relation to 39 carrying capacity or quasi-extinction thresholds, generally being inferred properties rather than 40 an observable quantity. Thus, given these various sources of uncertainty, it is difficult enough to 41 determine the trajectory for a population, let alone any change that may occur in that trajectory, 42 especially one that may occur near the terminus of a time series based on limited data.
declining from 43% to 20%) because of higher abundance estimates since 2014. Our analyses eastern North America (Flockhart et al. 2015 , Oberhauser et al.2017 . In some years, these 67 processes complement one another, leading to booms or busts in the population (Himes Boor et 68 al. 2018) . In other years, increases in one are offset by the other, mitigating any sizeable year-to- 69 year change in population size. 70 In winter 2018, estimates of monarch abundance in their overwintering areas indicated 71 monarchs increased by 144% over their previous year's abundance, to an index of population 72 size of 6.05 ha (Conanp and WWF-Mexico 2019) . This estimate has led some observers to 73 question whether the population has grown in recent years to the point at which it is no longer at 74 risk. This seemingly simple question is manifold in nature. The question suggests that there may 75 have been a change in the trajectory of the species in recent years, from a population in decline 76 to one of increase, that in turn begs whether the evidence of this change in trajectory supports a 77 reduced risk of quasi-extinction. An alternative possibility could be that the underlying status and 78 trajectory of the population had not changed but instead the species demonstrated the extreme 79 variability in year-to-year abundance that is not uncommon for insects. 80 To address this question, we conducted a time-series analysis examining whether the 81 observed series of population sizes experienced changes in mean or trajectory anywhere over the 82 25-year period of record. We also refit the model of Semmens et al. (2016) with subsequent 83 years of data reflecting the most recent observations of population size. In these ways, we can 84 test whether the population has reversed its long-term decline and the risk it faces has 85 appreciably declined as a result. The population as measured in Mexico reached its nadir in 86 abundance in winter 2013 (WWF 2016); we hypothesized that any change in status and any 87 reversal of trend should occur at this point in the time series. The overwinter index of population size (in hectares) we used in our models was that used by the 91 USFWS in its Species Status Assessment for informing considerations of whether listing under 92 the ESA is warranted. With these data, we evaluated two models, a step arrangement ( ) 93 evaluating whether there was a demonstrable change in status (i.e., mean abundance) during the 94 time period and a segmented model ( ) examining whether there was a change in the trend; we 95 specifically tested for a reversal of trend from a period of decline to one of growth. We fit these to support a mean population size overwintering in Mexico of 3.2 ha. He also asserted that in 102 some years, the reported abundance is likely to be lower because of the accumulation of poor 103 conditions faced by the population during its annual cycle, whereas in some years favorable 104 conditions will lead to a population increase higher than 3.2 ha. We calculated the probability 105 from a log-normal distribution of observing a 6.05-ha population relative to the 3.2-ha expected 106 population size. We calculated the variance for this log-normal distribution from the variance of 107 the post-2013 period.
108
Given that a changepoint was identified and the post-changepoint period was 109 nonsignificantly increasing (95% confidence interval of the slope parameter overlapping 0) (see 110 Results), we asked the question: How many more years of positive increase would be necessary underlying milkweed is currently sufficient to support a winter population of 3.2 ha (Pleasants 149 2017), then a population as large or larger than 6.05 ha is expected to occur 13.5% of the time.
150
Fitting a segmented changepoint model, rather than a step function, suggested the best-151 supported year for the changepoint threshold was 2014 (likelihood ratio λ = 8.167, p = 0.0221; 152 bootstrapped 95% CI = 2002, 2026), with 2013 close behind ( Figure 2) . The slope describing the 153 decline of monarchs in the period before winter 2014 was -0.103 (Table 1) (Table 2) . In any time series, the sample size is the number of years, and 10-30 years are often 199 necessary to detect a significant trend even for species with average interannual variation 200 (Urquhart, 2012; White, 2018) . Despite the challenge of high interannual variation, the monarch 201 10 butterfly is an iconic and highly visible species that benefits from strong public interest 202 (Diffendorfer et al., 2014) and a corresponding availability of data (Ries and Oberhauser, 2015) .
203
For many species considered for listing under the ESA, even less information is available for 204 evaluating the statistical support for any apparent decline. Thus, the challenge of assessing trend 205 becomes even greater as one examines short-term time series or smaller periods of time within the eastern population of migratory monarch butterflies. If we take this 6.0 ha threshold as a 215 recovery criterion and assume a >2009 2 =1.52, then the population is likely to need to reach a 216 mean of 6.85 ha for 3 years to confidently assert the population has crossed this threshold 217 (analysis not shown). Thus, this mean population size warrants continuing concern given the 218 uncertain growth in recent years and the high year-to-year variability exhibited by this insect 
